The present paper is an investigation of steady MHD free convection, heat and mass transfer flow of an incompressible electrically conducting fluid over a stretching sheet in a rotating system under the influence of an applied uniform magnetic field with Hall current. The governing equations are transformed to a system of non-linear ordinary differential equations which are then solved numerically by the shooting method. The numerical results concerned with the primary velocity, secondary velocity, temperature and concentration profiles, effects of various parameters on the flow fields are investigated and presented graphically. The results presented graphically illustrate that primary velocity field decrease due to increase of rotational and magnetic parameter but reverse results arises in case of Hall and heat generation parameter while secondary velocity decrease for stretching parameter and increase for Hall, rotational and magnetic parameter. The thermal boundary layer decreases for the increasing values of mentioned parameter. Also, concentration profiles decreases for increasing the values of magnetic parameter, rotational parameter, reaction parameter and Schmidt number but increases for heat generation and Dufour number. Finally, the numerical values of the skin friction, wall temperature gradient and concentration gradient are also shown in a tabular form.
Introduction
When an electrically conducting fluid like mercury, molten iron and ionized gases are under the influence of magnetic field then this is called Magneto hydrodynamics (MHD) flow. Therefore, in presence of magnetic field two cases arise such as an electric current is induced and this current experiences a force known as Lorentz force and secondly a magnetic field is induced which is added to the primitive magnetic field. MHD laminar boundary layer flow problems has important applications in industrial manufacturing processes like plasma studies, petroleum industries, MHD power generator, cooling of nuclear reactors, boundary layer control in aerodynamics. Also , MHD laminar boundary layer behavior over a stretching surface is a significant type of flow having considerable practical applications in paper production, hot rolling, wire drawing, drawing of plastic films, metal and polymer extrusion, metal spinning and polymer processing. MHD of rotating fluids is highly important due to its varied and wide applications in the areas of Geophysics, Astrophysics and fluid engineering. An order of magnitude analysis shows that in the basic field equations, the effects of coriolis force are more significant compared to that of inertial forces. Furthermore, it may be noted that the coriolis force and MHD forces are comparable in magnitude and coriolis force induces secondary flow in the fluid. The unsteady flow of a rotating viscous fluid in a channel maintained by non-torsional oscillations of one or both the boundaries has been studied by several authors to analyze the growth and development of boundary layers associated with geothermal flows for possible applications in geophysical fluid dynamics. In this regard, recently, Alam et al. [1] has investigated the heat and mass transfer on steady MHD free convection flow along an inclined stretching sheet with suction and heat generation, Rahman et al. [2] studied the effect of joule heating on MHD mixed convection around a heat conducting horizontal circular cylinder in a rectangular lid-driven cavity, Kuiry and Bhadur [3] has analyzed the effect of inclined magnetic field of viscous fluids between two parallel porous plates with heat transfer, Ahmmed et al. [4] studied the MHD natural convection flow of fluid from a vertical flat plate considering temperature dependent viscosity, Reddy [5] has studied the influence of MHD and thermal radiation boundary layer flow of a nanofluid past a stretching sheet, Kumar et al. [6] has studied the mathematical modeling of Soret and hall effects on oscillatory MHD free convective flow of radiating fluid in a rotating vertical porous channel filled with porous medium, Alam et al. [7] studied the effect of chemical reaction and magnetic field on free convection boundary layer flow of heat and mass transfer with variable Prandtl number, Parvin et al. [8] studied the effect of Prandtl number on forced convective flow and thermal field characteristics inside an open cavity with porous wavy isothermal wall using water-CuO nanofluid, Alam et al. [9] has analyzed the steady MHD boundary layer free convective heat and mass transfer flow over an inclined porous plate with variable suction and Soret effect in presence of hall current, Mishra [10] has investigated the heat and mass transfer in the flow of a viscous incompressible fluid along a vertical isothermal unsteady stretching sheet in the presence of heat generation and a transverse magnetic field. In view of the importance of rotating flows, in this paper, steady MHD free convection, heat and mass transfer flow of an incompressible electrically conducting fluid over a stretching sheet in a rotating system under the influence of an applied uniform magnetic field with Hall current is investigated. The ordinary differential equations are obtained by similarity transformations which are solved numerically using the fourth-order Runge-Kutta integration scheme along with shooting method. The results presented graphically illustrate that primary velocity field decrease due to increase of rotational and magnetic parameter but reverse results arises in case of Hall and heat generation parameter while secondary velocity decreases for stretching parameter and increases for Hall, rotational and magnetic parameter. The thermal boundary layer decreases for the increasing values of mentioned parameter. Also, concentration profiles decrease with the increase of magnetic parameter, rotational parameter, reaction parameter and Schmidt number but increases for heat generation and Dufour number.
Mathematical Formulation and Governing Equations of the Problem
Let us consider steady two dimensional MHD free convection heat and mass transfer in an incompressible electrically conducting fluid flow over a stretching sheet in a rotating system under the influence of an applied uniform magnetic field with Hall current. The flow is subjected to a transverse magnetic field of strength B 0 which is assumed to be applied in the positive y -direction normal to the surface. The pressure gradient, body force, viscous dissipation and joule heating effects are neglected compared with effects of internal heat source/sink. Under the above assumptions and usual boundary layer approximation, the dimensional governing equations of continuity, momentum, concentration and energy under the influence of externally imposed magnetic field in the presence of Hall current are: the uniform plate temperature Tw (>T∞), where T ∞ is the temperature of the fluid far away from the plate. Let u, v and w are the velocity components along the X and Y axis and secondary velocity component along the Z axis respectively in the boundary layer region. Under the above assumptions and usual boundary layer approximation, the dimensional governing equations of continuity, momentum, energy and concentration under the influence of externally imposed magnetic field are: Equation of continuity:
Energy Equation:
Boundary conditions are:
To convert the governing equations into a set of similarity equations, we introduce the following similarity transformation:
where, a (>0) is a constant By using the above transformations, the Eqs. (2) -(5) are reduced to non-dimensional, nonlinear and coupled ordinary differential equations:
The transform boundary conditions:
Results and Discussion
The system of ordinary differential Eqs. (6) -(9) subject to the boundary conditions is solved numerically by Runge-Kutta fourth-fifth order method using symbolic software. First of all, higher order non-linear differential Eqs. (6) - (9) are converted into simultaneous linear differential equations of first order and they are further transformed into initial value problem by applying the shooting technique. Numerical calculation for distribution of the primary velocity, secondary velocity, temperature and concentration profiles across the boundary layer for different values of the parameters are carried out. Figs. 1 -4 show the primary velocity profile obtained by the numerical simulations for various values of entering parameters. Fig.1 clearly demonstrates that the velocity decreases with an increase in the M. The magnetic parameter is found to retard the velocity at all points of the flow field. It is because that the application of transverse magnetic field will result in a resistive type force (Lorentz force) similar to drag force which tends to resist the fluid flow and thus reducing its velocity. Also the boundary layer thickness decreases with an increase in the magnetic field. Similar effect is also observed in Fig. 4 with the increase of rotational parameter. From Figs. 2 and 3 it is observed that the primary velocity profile increases with increase of Hall parameter and heat generation parameter. Secondary velocity decreases for the effect of stretching ratio which are shown in Fig. 8 Table 1 it is observed that the skin friction decreases for magnetic and rotation parameter but increases for heat generation parameter. The rate of heat transfer increases for magnetic, rotation parameter and heat generation parameters and Prandtl number as a result the thermal boundary layer is decreased. Again, the rate of concentration increases for magnetic parameter and Schmidt number as a result the concentration boundary layer is decreased but reverse case arised for heat generation parameter. 
Conclusion
The results are presented to display the flow characteristic like velocities, temperature and concentration. Followings are the conclusions made from above analysis:

The magnitude of velocity is decreased with increasing magnetic parameter because of Lorentz force. Also for the influence of rotational parameter velocity decreased, it is interesting to note that for large rotation the maximum velocity occured near the plate.
The secondary velocity is increased for increasing values of magnetic, Hall and rotational parameter.
The temperature decreased with an increase in the Prandtl number, which implied that viscous boundary layer is thicker than the thermal boundary layer. From these plots it is evident that large values of Prandtl number resulted in thinning of the thermal boundary layer. In this case temperature asymptotically approached to zero in free stream region. Also similar results arised for magnetic, heat generation and rotational parameter. 
The effect of Sc is found to decrease the concentration because increasing Sc decreased molecular diffusivity which resulted in a decrease of the boundary layer. Hence the concentration of the species is lower for large values of Sc, similar effect arised for magnetic parameter, rotational parameter and stretching ratio. 
